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Abstract: Objective To explore the essence of “color discrimination grading” of Lilii Bulbus-processed Platycodonis Radix
(LB-pPR), form a scientific quality evaluation method of LB-pPR, and provide a theoretical basis for its online quality control.
Methods The chromaticity values of Platycodonis Radix (Jiegeng, PR) and LB-pPR were measured by precision color difference
instrument, and the fingerprints of PR and LB-pPR were established by UPLC-ELSD. The correlation between the chromaticity
values and common peaks was analyzed by SPSS 21.0 and Origin Pro 2021 software, and the chromaticity correlation peaks were
screened and identified according to the correlation degree. The software MATLAB R2016a was used to screen the number of hidden
nodes, and the optimal “component-chromaticity” artificial neural network model was established. Results There were 12 common
peaks in LB-pPR. Six color related components were identified, which were regaloside A (peak 1), regaloside F (peak 2), regaloside
B (peak 3), platycodin E (peak 5), lobetyolin (peak 6) and platycodin D (peak 10). Platycodin E was positively correlated with

chromaticity values a”, b*, and chemical components such as regaloside A, regaloside F, regaloside B were negatively correlated with
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chromaticity values. Through the screening of the number of hidden nodes, it was found that when the number of hidden nodes was

8, the overall fitting degree of the model was the highest, the root mean square error (RMSE) of the artificial neural network model
was small, and the R? was the highest (RMSE = 0.251 3, R%u = 0.926 2). Therefore, 4-8-7 was selected as the best topology of the

model, and experience showed that the prediction result of the model was good. Conclusion This study confirmed the scientific

rationality of “color discrimination grading” of LB-pPR. The chromaticity index can be included in the quality evaluation system of

LB-pPR, which provides ideas for the online quality control of LB-pPR.

Key words: Lilii Bulbus-processed Platycodonis Radix; color discrimination grading; online quality control; fingerprint; artificial

neural network model; regaloside; platycodin; lobetyolin; chromaticity
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Brown var. viridulum Baker 15 R %, 28460
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Table 1 Sample information of PR and its processed

products LB-pPR
e

#5  AAHREESS  #S

S1 BT PG 22 20211001 Z1 20211001-1
S2  BRFEFEZ 20211002 Z2 20211002-1
S3  BkPUPEZE 20211003 73 20211003-1
S4 B vE % 20211004 Z4 20211004-1
S5 B PE % 20211005 Z5 20211005-1
S6 =N 20211113 Z6 20211113-1
S7 =N 20211114 z7 20211114-1
S8 SN 20211115 Z8 20211115-1
S9 =N 20211116 79 20211116-1
S10  ZZ@=IN 20211117 Z10 20211117-1
S11 {FEg & E 20211201 Z11 20211201-1
S12 JEEE 20211202 Z12 20211202-1
S13 JaEE & 20211203 Z13 20211203-1
S14  JFEIEE 20211204 714 20211204-1
S15  JiEgEE 20211205 715 20211205-1
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Fig. 1 Pieces and powder samples of PR (S9) and LB-pPR
(29)
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=2 BHRBEEE (Xts,n=10)
Table 2 Chromaticity values of all samples (X s, n=10)
s L a’ b Ea' Yns L a* b* Ex"
S1 76.8310.02 6.66+0.02 2634+0.05 8149£0.05| Z1  72.18%£0.01 7.14%0.03 25.594+0.07 76.91£0.08
S2  76.10£0.01 6.78%0.02 27.13+0.05 81.07£0.05| Z2 70.92%+0.01 7.50%£0.03 26.77%£0.05 76.181+0.06
S3 75.584+0.01 6.83+0.02 27.28+0.06 80.64*£0.07 | Z3 74.06£0.01 6.65+0.02 24.901+0.06 78.41%0.07
S4  76.86X0.01 6.651+0.02 26.394+0.07 81.54£0.07 | Z4 72.19£0.01 7.46%£0.03 26.74%+0.06 77.3510.06
S5  76.09%£0.01 6.78%0.01 27.11%£0.06 81.06£0.06 | Z5 70.95+0.02 7.58%£0.02 27.35%+0.05 76.4110.06
S6  75.60%£0.01 7.40%0.03 28.8940.67 81.27£0.67| 26 70.01%£0.02 9.38%£0.02 29.15%+0.07 76.4110.08
S7  7525%£0.03 7.80£0.03 29.57+0.06 81.23£0.07 | 27 70.19£0.02 9.48£0.01 29.52%0.07 76.7310.08
S8  7423%£0.02 8.23%0.02 30.85+0.04 80.81£0.05| Z8 69.75+£0.02 10.52£0.01 31.44%0.07 77.23%0.07
S9  75.59£0.01 7.42%0.01 28.88+0.06 81.26£0.07 | 29 70.75£0.01 8.87£0.02 29.61%£0.08 77.2140.08
S10 7423%£0.01 8.254+0.01 30.61+0.06 80.72£0.06 | Z10 70.00£0.01 9.45£0.01 29.21%£0.06 76.4440.06
S11  74.08£0.01 13.9940.02 29.15+0.05 80.82£0.06 | ZI11 72.55£0.01 7.09£0.03 25.29%0.06 77.16%0.07
S12  74.08%£0.01 7.334£0.02 28.954+0.05 79.88£0.05| Z12 73.23+£0.01 6.60£0.03 24.994+0.05 77.6610.06
S13  7436%£0.03 6.9940.02 2824+0.03 79.84£0.05| Z13 71.81£0.01 7.64£0.02 26.07£0.05 76.78+0.06
S14  74.08%£0.01 7.374£0.02 29.094+0.07 79.93£0.07 | Z14 74.64+0.02 6.36£0.03 24.88+0.05 78.9310.06
S15 7436%£0.01 7.00£0.02 28.2440.03 79.85£0.04 | Z15 72.11%0.01 6.95£0.03 27.92%0.04 77.64%0.05
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8.0 min, 10.0%~20.0%Z.fff; 8.0~16.5 min, 20.0%~
22.0%Z. 0% 16.5~20.0 min, 22.0%~23.5%Z.JE:

20.0~22.3 min, 23.5%~24.0%ZE; 22.3~23.0
min, 24.0%~24.3%Z.0; 23.0~23.5 min, 24.3%~
24.6% .0 23.5~30.0 min, 24.6%~27.0%. M4

PRI 0.12 mL/min; A3 30 'C; #EFEE 2 L.
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Fig. 5 Fingerprints of PR (a) and LB-pPR (b)
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XA UPLC i ] 5 ) e i S0 Bl i 47 AE A
PEVEMY, 45 AT R b5 B R SO AR AL A
0.800~0.996, Z5RMFE 3. 4, FKIAA[EF=HFE
5 By SRR 22 R AN

*3 IEIRGELARNE
Table 3 Similarity of fingerprints of PR
HHLEE HHLRE FLEE

s 30| isH 0| 15t 30
ST 0.991 0.990| S6 0.824 0.825| S11 0.989 0.989
S2  0.985 0.984| S7 0.834 0.835| S12 0.980 0.979
S3  0.994 0.993| S8 0.809 0.809| S13 0.981 0.980
S4  0.996 0.996| S9 0.899 0.800( S14 0.975 0.974
S5 0.995 0.994| S10 0.981 0981 S15 0.983 0.983

Ji

x4 BETHIBEESEEEUE
Table 4 Similarity of fingerprints of LB-pPR

FHACLE FHABLEE LiEk(PYEs

ETRS Iy I
N 15 it 304t N 15 ik 304k 7 15 it 304k

x5 BESHAEERRBEXMSR
Table 5 Correlation analysis between chromaticity and

common peak area

r a b* Ea'
MXRH P MXRE P MXZEH P MWXRH P
-0.630" 0.000 0.017 0.928 —0.381"" 0.038 —0.772" 0.000
-0.371" 0.000 —0.176 0.353 —0.559"" 0.001 —0.583" 0.001
—0.683" 0.000 0.088 0.644 —0.278 0.137 —0.788" 0.000
-0.031 0.870 0.269 0.015 0.189 0.317 0.055 0.771
-0.297 0.111  0.445" 0.014 0.741" 0.000 -0.023  0.904
-0.151 0425 -0.235 0.210 -0.436" 0.016 —0.321 0.083

0.011 0954 0313 0.092 0.174 0.357 0.100 0.600
-0.304 0.103 0217 0.249 0.168 0.375 -0.239 0.204
-0.345 0.062 0.041 0.830 0.020 0.915 -0.345 0.062
0.027 0.888 —0.289 0.121 —0.710"" 0.000 —0.233 0.216
-0.335 0.070 —0.047 0.804 -0.207 0.271 -0.423" 0.020
12 -0.150 0428 0.166 0.382 0.250 0.182 —0.060 0.752

O o0 a9 N »n B W N —

—_ o

Z1 0.891 0907 Z6 0.992 0.995| Z11 0.985 0.972
Z2 0.888 0.903| Z7 0.983 0.991| Z12 0.993 0.980
Z3 0.881 0916| Z8 0.998 0.986| Z13 0.982 0.990
Z4 0997 0.896| Z9 0.973 0.980| Z14 0.985 0.978
Z5 0.995 0.957| Z10 0.995 0.995| Z15 0.983 0.979
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Fig. 6 Heat map of Person correlation coefficient between
chromaticity values and chemical compositions of PR and
LB-pPR
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